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SICJfIPICAK? .RESULTS 



The authors engaged with tho Swiss ERTS-1 project have achieved significant 
results in the field of 

Sr.ov rr.nnnjr./r: 

Two different methods, an analog and a digital one, for a rapid but accu- 
rate napping of tho aroal extent and the changes of the snowcover in high 
mountains ani to doliniatc the exact" elevation of the •temporary snowline 
in its local (different exposures in small valleys), regional (watersheds), 
and countrywide differentiations were developed. 

The tjuick-look method is based on an individual visual control of each inage 
using a photo quonitzer which provides exact references for density slicing 
with high resolution lith-film. The conbination of band 5 and 7 allows a 
separation of dry and wet, melting snow. Areal measurements are received 
with the photo quantizer and detailed detercir.ation of the altitudinal 
position of the tenporary snowline by its transference onto topographic 
caps. It is a fast and ir.expensivo method, but, since snowcovered by 
mountain shadows cannot be separated, provides only a first approximation. 

The digital snow classification system based on discriminant analysis with 
the data of the 4 KSS-bands a3 variables, contains all preprocessing, 
feature extraction and mapping steps for an operational application . The 
method allows 

- to classify snow independently of its position in sun-exposed 
location or under shadow, 

- to measure the size of the snowcover, 

- and to reap the areal extent of the snowcover by reproducing a black and 
white image (with an Optronics Photonation 1700). 

Two different sct3 of sampling groups were established, applying to diffe- 
rent conditions of the snowcover. The first one serves for the "normal" 
situation with a uniform dry and new snowcover, tho second one for situations 
with partly thawing and/or refrozen snow. 
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Tr.terpretati an of mgeo-a ni Bicroatructure of cloud-s and fo.^r in relation 
to hiflb mountain -ooccolo'^/; 

Significant new insites could be gained from ERT3-1 in combination with 
other data on 

- the development and fading of cloud patterns, especially of eloudstreets 

- effects of the orography on cloud generations and decay, but not on the 

patterns, 

- the capping of fog and in particular its penetration into mountain 
valleys nr.d the dynamics of its dissolvcmcnt which begins above the 
middle of the valley cni not against the Slopes, 

- areas with stagnating air under different meteorological conditions. 

Cartography: 

Plastic shading of the relief ci.uid well be improved and rationalised by 
using copies of negatives, showing the same illumination characteristics 
as the topographic maps (Southeast facing slopes in the shadow). Only very 
little graphical retouching wa3 needed to reach a presentation of the 
relief which could be printed on e traditional contour line map 1 : 500*000 
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i l. introduction 

! ■ —————————— 

£ The results obtained from the Swiss ERT3-1 project "Snov; Survey and 

1 Vegetation Gro'uth in High fountains (Sv:is3 Alps)" are characterized 

| by two aspects, partially as a result of unsufficiont coverage* of the 

ft ■ . . * . . 

I test site, weather conditions (clouds), etc.: 


. I l) First the erphasis had to be concentrated on the regthodol otv to 

P |’ determine and nap qualitatively and quantitatively various surface 

features ( enovrf and vegetation types in particular) and to develop 

k 

[ Operational systems using different approaches. In addition, par- 

's 

| ticular problems of image interpretation in high mountains were 

[• studied. 

£ • 

I’ The construction of a sequence of thematic maps showing the seasonal 

l changes of the snowcover was impossible because we received only one 

* 

? to three images of good quality from the test site, which especially 

I did not allow an examination of the melting process a3 intended. 



2) On the other hand various additional aspects could be investigated 
such as 

- weather elements, in particular its effects in correlation with 
high mountain environment 

- cartographic aspects and techniques 

- vegetation and land use survey in the Po Valley and Southern 
Switzerland 

- fog distribution over Switzerland 

- problems of color enhancement 

All aspects will be covered in thi3 final report but with emp'nesis 
on the first item (methodology of snow napping). 


Besides the official investigators various researchers contributed to tho 
interpretation of the ERTS images. The research was coordinated by the 
Department of Ceography, University of Zurich. Tho research studies on 
snow napping are supported by the Swiss National Foundation for Scientific 



Tho following institutions and porao.no took actively part in the investi- 
gations: 

Department of Geography, University of Zurich: 

- Prof. Dr. P. Uaefner, Principal Investigator 

- Dr. K. Itten, Co-Investigator (during 1574 at GSFC) 

- R. Cfeller, ii.A. 

- R. Binneggcr, M.A. 

- P. Lenggor.hager 

- U. V.'aldor, M.A. 

- ?. Schachcr 

- Dr. Ch. Herrmann 

- U. Geiscr 

Department of Ceography, University of Berne: 

- Prof. Dr. 3. Mcsserli, Co-Investigator 

- M. Uinigcr, M.A. 

— Ch. Wissncr 

— U. Ziircher 


Department of Photography, Swiss Federal Institute of technology: 

- Prof. Dr. ’.f.P. Berg 

- Dr. K. Seidel 
— H. Baumann 

Department of Cartography, Swiss Federal Institute of Technology: 

- Prof. E. Spiess, Co-Investigator 

Swiss Federal Institute for Snow and Avalanche Research, Voissfluhjoch- 
Davos: 

- Prof. Dr. II. de Quervain, Co-Investigator 
— Dr. I, Martinec 

— Dr. Fohn 

Swiss Institute for Meteorology, Zurich: 

- Dr. A. Piaget, Co-Inve3tigator 


Department of Geophysics, University of Milano: 

- Prof. Dr. R. Cassinis 

- Dr. C.H. Marino 

- G. Lechi, icg. 

- A. Tonelli, ing. 
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The lcnjtorra objectives of our "snow survey in hi gh mountains" ere to 
monitor the seasonal variations and changes of the cnowcover and to 
forecast rur.-off occuring from the snowmelt qualitatively as well as 
quantitatively. 

The first step undertaken ia this project is to determine tr.o extent 
of the snovcovcred areas in mountain terrain from clcudiree ERTS-sa- 
tellite data as detailed as possible by characterising these areas in 
such a way that they can be neasured operationally. 

The main and general problem in this respect - exceeding the snow 
mapping project - is to develop an automated interpretation system, 
which allows the characterisation of a' single homogeneous feature 
(e.g. snow) represented in inhomogeneous tonal form on the ERT5 images, 
due to different coaditior.3 such as dry and thawing snow, different 
exposure, slope angle, sno-.r in sun and shadow etc. 

To estimate the possibilities ana limitations regarding accuracy and 
costs analog as well a3 digital processing methods were studied. 




3. BACKGROUND AND TECHNIQUES - 

Snow studies in high mountains have been a research topic in Switzerland 
sir.ee cany years. 

The Swiss Instituto for Snow and Avalanche Research, Ueissfluhjoch-Davos, 
collects ground data of the snowcover on. a daily basis (during winter and 
spring) and maintains a network of observation since about 20 years’.^ 

These data provide the basis for an extensive research program on snow 
and avalanche problems. 

The Department of Ceography, University of Zurich, applies airphoto inter- 
pretation and satellite data to study those problems in its areal extension 

and dynamics. Previous to ERT5 several studies were undertaken with cete- 

2 ) • • 

orological satellite data. 

The Department of Photography, Swiss Federal Institute of Technology, Zurich, 
investigates as one of its najor longterm research objectives icage quality, 
image evaluation and inage processing. The. institute is well equipped with 
various photographic laboratories and instruments, in particular with a 
codified automated cicrodensitoneter-systea, a photoquantizer (Quantinet 
720), and - since 1974 - ar. Optronics Photocation 1700. 

For digital processing both computer centers of the Swi03 Federal Institute 
of Technology (CDC 6400 and 6500) and the University of Zurich (IBM 370) 
with its cany peripheral facilities can bo used. 

Therefore the Swis3 ERTS-1 project could be established 03 a real inter- 
disciplinary project taking advantage of the knowledge and the facilities 
of various research institutions and combining ground studies and obser- 
vations, airphoto interpretation and iasge processing techniques with 
satcllito data. 


1) All data are published in an annual periodical: "Uinterbereichte des 
Eidg. Institutes fur Sconce- und Lawinenforschung." 

2) ITTHN, X. ,. GF2LLER, R. a r.d KAEF.VSR , U.z Weather Satellite Pictures for 
Earth Resources Studies. Proceedings XIX P.asscgr.a Intern. Elletronica 
I.'ucleare cd Acrospaziale, Rose, 197 2, p. 365 - 375. 

ITTEX, K.: The Determination of Snowlines froa Weather Satellite Pic- 
tures. Bcrichte des III. Ir.t. Sycposiuas fiir Photointerpretation, 

Coca. VII:- ISP, Dresden 1570, Bd*. I, p. 455 - 464. 


4. ACCOMPLISHMENTS AND PROBLEMS 


4.1 Snow napping 


4.1.1 Evaluation of host hnr.d for snow r.aonlr.g 

Careful comparison and density slicing of the anovcovorcd areas in all 
four bar.da shoved that under certain conditions there ia a continuous 
decrease froa MSB -band 4 to 7. This effect ia pronounced in images vhich 
were taken after a longer period of fair weather, whilst i cage a taken 
immediately after a new snowfall do not show this phenomenon. Therefore 
it i3 possible to distinguish between an old, melting snowcover and a 
r.ev;, dry oho by combining band. 4 or 5 with band 7, because of the strong 
absorbtion of near-infrared radiation by wet snow, which waa verified by 
ground measurements (Fig. 2). 

Ear.d 5 offers the best possibilities for snow mapping. The difference 
with bond 4 ia minimal, but napping can be done more accurately in 
band 5, due to better contrasts. 


4.1.2 Snow r.anpin°- ov visual control 

Experiments with the following napping cothods were undertaken: 

- Mapping by reference points: 

Since detailed caps of the Swiss Alps 1 : 50’ 000 and 1 : 100*000 exist, 
it was easy to locate the exact position of the temporary snowline for 
specific reference points which could bo located on the cap as well as 
on the inage along the snowline. This allows to detornine the average 
position of the temporary snowline in different regions, valleys, 
watersheds etc. but not the entire course of the snowline. 


- lapping by visual interpolation: 

To nap the total eutent of the snowline by visual interpolation is much, 
no re difficult and tine consuming. Near the timber line, which is well 
recognisable ia ERTS icagos, the napping is very accurato, but in other 
areas where Ic-S3 control points exist a careful examination of the 
relief features is necessary. 


U*- POOR QUALITY 


KiiT3 images were projected into a transparent contour line nap 
1 : 'jCO'COO of 200 n intervals using ell identifiable reference 


points. The results are less satisfactory because the contour 
interval is too large and the adjustment too difficult. 

Taking into account that the snowline generally represents a caall 
transition sono ar.d an avaracc alopo anglo of 30° a vortical accu- 
racy of _+ 60 aeters is possible. 


Those methods are not suitable for an operational determination of 
snowlines over large areas but well suited for detailed studies of 
local variations, e.g. of a small alpine valley. Results obtained 
with these methods are tabulated ia fig. 3* 


4.1.3 Quick look method for snow rarioir.fr 
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In high mountain areas it is not possible to gain satisfactory results 
from standardized density slicing techniques because the influence of 
factors such as clouds, mountain shadows, variation of tone due to 
different exposures, roughness of terrain, tonal variation in different 
image series and changes in quality and characteristics of snovcover 
are too serious. 


Therefore a method v:as developed, which allows an individual interpre- 
tation of each image or even section of images by visual control , but 
which still provides fast as well as accurate results. The method 
contains the following stops: 


A) .Indi v, i<L u il_discri2 jJVa-iPH of_s no u/ no -snow j3owndary_with_ TO! 720 
In a first step the Quantimet 720 13 used for an electronical 
separation of the grcytor.es within adjustable density ranges ar.d 
a corresponding areal measurements. The ERT3 imago is displayed 
on a nonitor via a high resolution TV-camora (720 lines). Simul- 
taneously 5CC000 picture points can oe classified by a detector 
device according to its graytone level and projected on tho monitor, 
too. All picture points with a graytone below the critical tone 
level appear in "white", the ones above in "block" (or vice versa). 
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In addition all "white” points arc counted ar.d registered on a 
digital output. The critical tone level bc-tuecr. "white" and '’black” 
can be varied continuously with a potentiometer and correlated 
erectly with the tone level of the snowline in the image on the 
screen. Since the whole area under consideration can be surveyed 
simultaneously on the screen it is possible tc select an average. 

Generally fatting position by carefully evaluating different influen- 
cing factors as vrell as the local variations. 

B) jtensjiy aliclng With h i':h resolution lithogr.-.nhic fila 

Since the V?0 lines of the QTM 720 do not provide a sufficient reso- 
lution to analyse an entire SIC'S image of 2’340 scan-lines with tho 
desired accuracy, the second stop, tha density slicing, i3 not per- 
formed on the monitor but vith high resolution iith-filn instead. Tho 
visually discriminated tone level of the snow boundary is read off 
from the calibrated potentiometer providing the exact density-value 
to be used as reference tine to expose a lith-filn. Tho developed 
hich resolution film contains only two dennity levels in black and 
white, representing the snow- er.d icccovered and the saovfree areas 
in all its details and providing a very good basis for the trans- 
ference onto a topographic cap. 

C) Areal measurr^nenjt j3f_the_snowc©y«r_ 

The third step, the areal measurement of the snovcovor, is again under- 
taken with the QTM 720 by censuring quater-sections of the image at a 
tica to reach a sufficient resolution. The actual areal extent is easily 
gained from the digital output. Applying masking techniques selected 
areas such as watersheds of rivers, mountain valleys or specific regions 
can.be analysed and measured separately. 

D) J. r !L n §f!L r SL n S. e -. 0 l !*© A°J 10 jjraphic »a_os_ 

For the deliniation of the altitude of the snowline in different locations 
and exposures the scowcovcr has to be transferred on a topographic cap 
with contour lines of relative small intervals (not core than 50 cctors). 
The official Swiss topo-map 1 : 500'000 doesn't provide this inforcatloa 
and hydrological and topographical features are already too generalised 
for our purposes. Therefore we are using the topo-map 1 : lOO'COO of which 
a special base-map was constructed which shows the contour lines and the 
hydrological features only and can be reduced to 1 : SOO'OCO. The boun- 
daries were transferred with the Bausch L bomb Zoom Transfer Scope. i 



Alps of Switzerland and Northern Ctaly, between Engadir.-3regallia-Val— 
tcllina-Val Posciavo and Val Bernina, which are surrounding the Bernina 
massif, using images E-IG76-09442 of October 7th, 1972. 

The variation cf the snowline elevation as given in Pig. 5 is cuite re- 
markable especially between the Western and Eastern exposures but less 
between' the /forth and South facing slopes and locations on the Southern 
side of the Alps compared with the more central regions around the Enga— 
dine. Or. slopes exposed to the "est, the snowline elevation suraounts 
the one in an Eastern exposure to an average of about 2p0 cetera and up 
to 400 cetera locally. 

The areal ceasurenent (Fig. 6) of this example shows that almost one 
third cf the total snoucover is under melting conditions already at a 
quarter to eleven in the iteming. 

The method developed is very appropriate for an immediate and quick look 
investigation for the changes of the snowcover but does not solve tho 
problem of an automated capping systea in the long run. 

OR 

4.1.4 Di.'titr.l processing ® 

To develop an operational r.vstcr for 3now capping with increased accuracy 
CCT and digital processing techniques were used. A complete software 
package for the extraction, classification and capping of selected terrain 
features - in particular of various snowtypes - was produced. 

The preprocessing and feature extraction steps undertaken during this ex- 
perimental and learning process to develop an operational classification 
and napping systea and the respective computer programs are summarized in 

1 . 

The test site is the same as mentioned for the quick look nothod (4. 1.3) 
using the CCT of October 7th, 1572. 


IGINAL 
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A very ioportant problem which cannot be solved with this method end with 
E RTS data ia the automated separation of nnow and clouda. It can be under- 
i taken without great difficulties by conventional inage interpretation. It 

is hoped that the protlen can be solved for digital processing techniques 
whoa using the EREP-S192 data by a combination. of the different KSS-bandc. 

To classify snow of different reflectivity (on various sun-exposed slopes 
and in the shadow) the information of all four MSS-bands has to be coa- 
j bined in a multivariate system, applying discriminant analysis techniques. 

! Prior to the classification the discriminant functions have to be ealeu— 

/ 

\ l&ted froza a nunber of representative test cells (caapling groups), 

i 

i \ 

The careful definition of these campling groups is of greatest importance 

for the quality of the classification. The samples should clearly ropre— ' 

1 ; 

cent the selected feature without any other influencing elements. 

! Several possibilities were examined to determine the corresponding teat 

> cells and to locate its exact position within .he total data matrix. - - 

! 1 

For the time being it io recommanded that those teat colls - representing 

a certain surface feature as uniform as possible - are selected in the 

field and the corresponding pixels located in the data matrix. Using the 

video data of the 4 MSS-bands ae variables the selected sampling groups 

were then tested regarding their discrimination. ; 

Seventeen types of teat cells were considered (Fig. 12) an grouped into 

four main surface feature categories: - j 

- snow sun-exposed ! 

- enow in shadow ; 

- snowfree surfaces sun-exposed 

- snowfree surfaces in shadow 

/ 

The classification matrix for all sampling gri s and for the four main j 

> 

categories is represented in Fig. 12. i 

Regarding our problem to separate snow from snowfree surfaces of a total :• 

» 

of 1’442 pixels only 18 were classified incorrectly. ; 

» 

I 

I • i 

; I 

I 

i 



/ 


In a next step a reduction of the number of sample groups was undertaken 
to reduce costs with tho following results: 

- with only four sampling groups 90 £ of 1'017 pixels ware correctly 
classified, 

- with nino sampling groups (U,B,Y,0,P,Q,R,S,T - Fig. 12) 93 ^ were 
correctly classified. 

The last combination was regarded as sufficient and applied for a classi- 
fication of the total teat area, and the resulting sr.cvcover printed with 
the Photomation 1700. 

Uo ground control of the resulting output (Pig. 13) could be carried out 
anymore, but a careful examination with the imagery led to the conclusion 
that the resulting snowline, especially in sun-exposed areas, was located 
in a too high elevation. This is due to a melting condition of the snow 
in the lover parts for the particular date, which changed the reflectivity 
especially in band 7 and also in band 6. The considered combination of 
sampling groups did not include this specific snowtype and therefore 
applies only for snow under socalled "normal" i.e. dry conditions. 

A new combination of sampling groups had to be developed for snow under 
thawing conditions, with a specific test cell "E" for "metamorphic" snov 1 ^, 
replacing sample group "R" , which could be best omitted. 

Again a classification with tho second combination of the total test area 
was undertaken and reprinted (Fig, 13), which brought much better results, 
especially in comparison with the ones from analog processing (Fig, 4 ) . 

For a very precise mapping it is necessary to carefully select the teat 
cells in the field, in particular the one for the zone of "metamorphic" 
snow. It has to be taken care that the couple to altitudinal extent of this 
transition zone is included, to guarantee an accurate classification. 


l) Personal communication by Dr. K. ITTEN with Dr. AL RANGO, C3FC, and 
Dr. KcCLAIN, NOAA, rogarding tho investigation undertaken at CRUEL 
on this problem. Now measurements show that not only molting snow 
but also molted and refrozon snov 3hows a sharp drop in reflectivity 
in band 7. Dr, AL RANGO proposes the term "metamorphic” snow for 
this specific snowtype. 
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Tho number of pixels classified &3 snow allows an caoy calculation of 

2 

the or.owcovered area (l pixol = 4' 5 14 o ). 

But it has to be pointed out that this areal measurement represents only 
the orthogonal projection of the real surface and not the "real surface'* 
itself. In high mountains wiht its steep slopes tho extent of the sur- 
faces will differ concidcraboly. For tho total area of our test cite 
the difference is about 20 ;i. 

To achieve detailed and very accurate measurements the real surface of 
the cr.ovcovcr has to be considered. This can be gained by superimposing 
a digital terrain model onto the ERTS data matrix. This will be subject 
of further investigations. 

To summarize, a complete operational system with two different sets o: 
sampling groups could be compiled, applying to different conditions of 
the snowcover. The first ono serves the cocalled "normal" situation, 
with dry, cool, new snow, tho second, one for situations with partly 
thawing and/or refrozen snow. The full system developed (preprocessing 
feature extraction, areal measurement) is summarized in AKN2X I. 

4.2 Vegetation and land use mapping 

Selected land use and vegetation features are extracted by digital pro- 
cessing with the same method as for snow mapping (4.1.4). The test site 
is the Po Valley around Kilano because of sufficient ground data and a 
minimum of changes in illumination due to relief, shadow effects etc.. 
The main features which are examined carefully in its seasonal aspects 
are : 

- forests 

- arable land, irrigated 

- arable land, non irrigated 

- settlements 

- open water 
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4.3 Meteorological studies' 


I 

ERTS images in combination with 1 weather maps, vertical temperature and 
dew profiles, ground observation and weather satellite pictures (ESSA/ 
NOAA) are a tost valuable tool to reach a batter undorotanding of the 
dynamical characteristics of meteorological decants in high mountain 
areas. These data allow a synoptic intorprotatioa of tho evolution of 
ncsoscale ar.d even microscale meteorological Gyotcms. 


The following problems were studied: 

- organisation of cumulus clouds over mountain terrain, 

- aspects of cloud layers just bofore discipation in or over mountain 
valleys, 

■- determination of the altitude of cumulus tops and of it3 bottoms (partly), 

- effects of orography, 

ORIGINAL PAGi:. i? 

- development and fading of convertions, Qp pQOR QUALITY 

- night inversions, 

- precipitation pattern, 

- mapping of extension of fog layer and determination of its upper 
boundary within the mountains. 

4.3.1 Cumulus populations, especially cloud streets 

During summer and fall ( E- 1022-09435/442 , £-1075-09384 and E-1115-10021) , 
.the convection has already started for more than one hour, when ERTS-1 
overflies the country. Depending on the synoptic situation, the night 
inversion can still persist over tho flat region. In the mountains, the 
cumuli begin to spread out under the first major inversion and it cay 
happen that fog is still lasting in the large ground depressions. Band 7 
images allow the determination of the altitude of the cumuli tops and 
under certain circumstances also of their bottoms. The projected shadow' 
appears very dark, mainly black, duo to the strong absorbtion in this 
wavelength by the water droplets. It is much darker than tho non illu- 
minated slopes of the mountains covered by snow. The contrast is poor 
with forcstcovored shaded slopes. Although cloudstrccts arc well known, 
particularly after the manned orbital flights and the enlightenment by 
glider pilots, few studies deal with them. The most important ones are 




those by XUhTT.'ER (KU2TT:ER, 1957; KUSTTNSR and SOULES, 1956). The theo- 
retical suppositions also sees to be valid hero, an this type of organi- 
sation of the convection in the direction of the windflov oust bo an 
intrinsic property of the air. The orography only increases or starts 
the convection. In this case the postulated vertical profile of the wind 
is not realised. When the wind-speed is large enough, the cuauli are found 
arranged in lines that are in average two kiloaetor apart froa each other. 
These lines are grouped in lines made of snail cuxauli and in lines aade 
up of well developed ones. These last lines are fused on the APT-picturo 
and appear as single lines. 


Cloudstreets in nour.tain areas are parallel to the wind direction at the 
corresponding level. They do not differ froa sinilar rows over sea or 
flat terrain, where the convective activity is also developed. 

Pig. 14 gives an exaaple of cloudstreet interpretation. 


4.3.2 Manning of fog 

The Svriss Plateau and other flat or hilly areas North of the Alps such 
as the Rhine Valley dovnstreaa of Easel and the Bavarian Plateau as well 
as the Po Valley South of the nountain ridge are often covered with fog 
or low 3tatus in the winter halfyear. The latter can 9tay sonetine3 for 
weeks, but in. fall and spring the sky clears at ab- 't noon. The top of 
fog generally regains below 900 asl, that of stratus can reach 1’500 - 
1‘eOO nsl. In this region about 2/5 of the whole Swiss population lives 
and works. As a consequence it 13 also the region. with the "greatest 
pollution potential". Thus the study of fog conditions and extension is 
very ieportant for the planning of new settleaents or the growth of the 
infrastructure, as the fog is a useful indicator of stagnant air. 


The border of the fog is generally well defined and easy to nap (?ig. 15). 
Due to thi3 fact the determination of the altitude along the nountains 
docs not offer great difficulties. The accuracy is within 20 n near steep 
slopes, within 30 a otherwise, by aeons of ERT3-1 pictures, and within 
150 a with the help of ESSA-8 pictures. The determination is often greatly 
facilitated by ooae typical orographical peculiarities. 


1 




Excellent example for fog mapping in the Swiss Plateau arc 2-1G5S-09493 
c:' September 20th, 1972, 2-1148-09444/450 of December 18th, 2-1149-09502/ 
504 of December 19th, and 2-1150-09560/563 of December 20th, 1972. Fig. 15 
shows the fog distribution on December 15th together with the corresponding 
ground observation (Fig. lo). 

Of special interest is the penetration of the fog into the valleys of the 
Jura through the vatergepa in the first range, nr.d into the enclosed al- 
pine valleys. The local wind directions in relation to the orientation 
of the- valleys are prinarely responsible for eheir coverage with fog or 
a fogfrec situation. The aerial photographs (Fig. 13) of Deceabcr 18th 
give an excellent example of fog penetration into the alpine valleys 
and should be compared with E-1148-09444 . 


4.4 Other aspects 


4.4.1 Plastic shading 


of roe* 



A snail test was carried out to use ESTS images for cartographic purposes. 
One of the most important aspects in mountain region is the graphical 
presentation of the relief. It could be shown that when using ERT3 images 
as a basis for plastic shading in small scale capping (scale of about 
1 : 500' 000 ) could be veil improved and rationalised. Of a te3t area a 
black and white negative copy 1 : 500' 000 of an enlarged ERTS-1 color . 
composite vrs.3 used, where the relief is shown in the same "illumination" 
os on the cap. Within very short tine the shading could be supplemented 
and completed so that it did not differ nuch from the one constructed by 
conventional cartographic techniques, 03 is shown in Fig. 17. The one 
based on ERT3-1 even represents core details and differentiations. 


4.4.2 Color enhancement 

Vorious tests were carried out to improve the interpretation by color 
enhancement. At the Department of Geophysics, University of Milano, a 
special video-clcctronic equipment for color enhancement and density 
slicing of ERT3 images has been developed. It is used for selecting 
the best suited color combination for each research object. The instrument 
is applied to various test areas and. for different .thematic problems. The 
results of these investigations are reported by Prof. CASSINIS in his 
Italian ERT3 projects. 


5. CROUJi'D TRUTH 

. 

Several test sites were established in the Alps end continuously surveyed, 
especially retarding its snow coverage, snow depth end phenology. In 
addition various measurements are carried out permanently or frequently 
within the test areas. 

Additionally dense networks exist for meteorological, snow, and surface 
rund-off observation in Svitserlur.d, which should provide good ground 
information. 18 different stations within the sample area as described 
in 4-1.5 are under observation by the Swiss Institute for Meteorology 
and the Swiss Institute for Snow and Avalanche Research. But all mete- 
orological stations ere located in the valley bottoms (except 3emir.a 
pass) ar.d therefore provide no information on the snowcover during late 
summer and fall with a relative high snowline elevation. Ar.d the obser- 
vation network for snow and avalanche survey is operating only from 
December until April. Consequently no significant ground data is available 
for the fall season which is a serious handicap for our research. 

Radiometric measurements of different mr.owtypes are undertaken with an 
2X0TECH 100 in cooperation with the research groups at the JOINT RESEARCH 
CENTRE, EUHATOM, ISPRA, Italy (AURESTE-Project) . 

Several underf lights were carried out during the ERTS-orbit3 by the Svis3 
Air Force, taking profiles acroo3 and along the Alps. But since it was 
not known if the ERTS was actually covering the test 3ito, the undcr- 
f lights had to bo arranged by guessing. Therefore of the flights, under- 
taken on 

- December 18th, 1972 ' tjapP IS 

ORIGINAL PAGb 

- January 24th, 1975 p00R QUALITY 

- February 2nd, 1975 

only the first one coincides with an ERTS-coverage (2-1148-09444/450) . The 
reconnaissance plane va3 equipped with four cameras (two vertical, F « 44 na 
and 100 mm, two oblique, t ravers to the flight lino, f = 100 n) , black and 
white film and flying at 12’ObO m above sea level. The photos (?ig. 18) 
givo an excellent overview on the mountains, the snowcover and the fog 
penetrating into the lower alpine valleys. 

n ■; i 



6. L'CGNOy.IC sVAL'JATIO.'i'S 


The economic aspects vere only briefly considered for the digital snow 
napping system by calculating the tine and operational costs for com- 
puter processing and printing with the 0ptroniC3 Photonation 1700, 
based on the accounting of the computer center of the Swiss Federal 
Institute of Technology, Zurich. To carry out a classification of 
one a?.?3 serie (4 MSS-banAs) with the developed operational, system 
or.c experiences person ncecn one dav . The costs reach about, defending 
on the configuration selected, 10' 000.- to 13' 000.- sfr. 

Since one E.lTS-fraae covers approx. 34-'22p square kilometers the costs 
per sq. km are very cheep, less than half a 3v;iss franc. (Not included ' 
are costs for labor, CCT-data, ground control etc.). 
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activities 


investigation will be continued in the following directions: 


Application of the case digital classification eye tea for other 
surface features, especially land use and vegetation units, by 
defining the corresponding 3ets of sample groups and the beat 
suited combination of variables. C no study in the ?o Valley 


around Mi lar.o is veil under progress (4.2), a: 
started for the environment of the city of Zu: 

Application of the developed operational cla: 
for actual, snow napping and measurements, to : 
changes of the snowcover in selected regions 


'.other one was 
rich , 3vit norland . 

isificatior. system 
;cudy the seasonal 
of the Swiss Alps. 


Correlation of ground information on snow depth, "water content 
and surface run-off with the areal measurement of the snowcover, 
to eventually monitor and forecast run-off from snowmelt. 

Measurement of reflectivity of snow or. the ground under different 
conditions ar.d its correlation with satellite data, to learn more 
about the spectral properties of various snovtype3. 


Improvement of areal measurement of the snowcover by determining 
the "real surface" vith the aid of a digital terrain model. 

Development of an automated system to separate snow from clouds. 
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s.\o;: classification 'systsm 


Preprocessing, feature extraction and areal aensuronant steps vith 
correspor.dir.3 computer progress 



A . 1 /.amtior. of data inr cornu 

A. 1.1 Decoding of CC? for CDC 
A. 1.2 Decodin'; of CC? for IBM 570 

A. 2 Data Or/ranl ration 

?o receive src .11 untis (blocks) of data, which ere ■ 

• • . . . • { 

easy to work with and suitable in its sine for ; 

' , • ■ . . - ; .1 

different outout systems, the data had to he orga- | 

* I 

nised completely. j. 

A. 2.1 For CDC in blocks of 123 x 123 pixels RAPUL'? ... ! 

- arranged by individual channels 3AFUN? j 

- arranged that data of or.e iaage RAGUA'T j 

. ... • ...*•• . * 

point from all KSS-bands are j- 

together j 

A. 2. 2 for IBM: blocks of 52 x 52 pixels ... j 

, ’ • ' ‘ ' •. f ' 

recallable by indices •[ 

j 

A. 5 Pictorial Out nut • 

Several pictorial output systems are used to ! 



evaluate and examine the results of the 
different processing steps in pictoriel 
Torn. 

A. 3.1 Lino printer 


OjtoAL-PAGB-15# 
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" AT 5. 2 “-Fl'lnT plotter — — — 

• The CSC disposes of an interactive device combined 
vith a film plotter, where the sate- data arc repro- 
duced on a snail high resolution nonitor cr.d photo- 
graphed vith a fully automated cetera. Vhe 55 un 
outputs of each block can be composed to a har»dy 
picture of tho entire ER?S-frano. Fig. 7 givo3 cn 
example of such a Vila plot consisting of four 
single o~oc.es si .a .so ce.w cj.assiii.eu ia 
density levels. 

A. 5. 3 Printing of selected video-signals 

Out of the 123 density levels any arbitrary r.unbcr 
can be selected and reproduced with the printer. 

A. 4 Correlation of Videc-Si mals 

To equalize inhonogoaities vrithin the sir scan lines 
taken simultaneously by the I-1SS (oth line effect). 

The program is based on the theorie by C RAMS l» OPOU LOS 
(average ratio per line) 

A. 5 Correlation of Skewness 

To receive a true spatial distribution and location of 
each iaage point in the definitive capping process with 
the Optronics. 

A. 6 P.esr.r.r/lir.q: 

To achieve a hoaogenous pictorial output when using 
the Ootronics. 


RAFSYX 


DASH II 


A. 7 P.c^istratlon of data from different orbits 


^l.\7,L :>.- r 
0F *** ■ 


B) 

The 

for 

acci 

3.1 


Feature Extraction 

objectives were to define the most suitable parameters 
extracting the various surface features which allow an 
irate classification. 

Sar.nlin- and Smoothing :?sthcd -, 

For a reduction, of the mass of data and/or rccoipt of 

I 


■>i cy- 


cling methods 


v methods 






3.2 Detf.-r.-irntior. of P>t:brroun:.: 

To receive uniform units characterising a single surface 
feature, the various blocks had to be broken down further 
into era 11 subgroups of arbitrary si sc. The selection ray 

\ 

be undertaken by working from the insge (counting of the 
lines and columns) or in combination with the next pro- 


cessing 
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B.5. 1 Presentation of video-signal by alphanumeric cha- RAP3YK 
meters v;ith the on-line printer. The program 
c-r.atles to select uniform sections composed of 
the same density level or of a small number of 
neighbouring density values (see A. 3. 3). 

E.3.2 Presentation in form of histograms of the real RAPE I 3 

density range and its printer output in 8 density 
classes. A histogram is constructed of each block 
(Fig. 11 ) and the actually represented density 
range devided into 8 linear density classes 
(Fig. 11). 

2.3.3 Presentation by film plotter (see A. 3. 2 and Pig l) 

3.3-4 Presentation by IGS (Interactive Graphic System). B2LLB0X 
Small blocks of 25 x 2p pixels are presented as 
a three-dimensional model or. the monitor, which 
allows to charge the intensity, viewing angle etc. 

The output can be received from the monitor, the 
film plotter (2.3.3) or from a plotter (Fig. 9). 


2.4 Analysis of Individual Features 

Individual features within a subgroup have now to be 
analysed and defined, which results from the next two 
processing steps. 

B.4.1 Supervised within subgroup 
3.4.2 Unsupervised 

- CD C (B.3.4) 

- IBM 
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32LL20M 

C20PP.CC 


Clustering methods 






B.5 Statistical Evaluation 

B.5.1 Construction of histograms (oee 3.3*2 and RAFBIS 

Pig. ll). • 

B.5. 2 Calculation of average value and standard do- RAFUNT / RAC bl.T 

viation, noat frequent video-signal, elimination 
of “far-off" valuos etc. 

To all "far-off" values the value 500 is added, 
bo thoy nay be recognized easily in the printer 
output (Fig. 1C) . 

B.5. 3 Standard statistical programs 

For further statistical evaluation the BI0K2D- 
prgrams axo especially valuable. Similar programs 
are available for CDC. • 


- CDC: CDC Program Library . 

BD3 


- IBM: BIOKED-Pro grams 

BKD 


a Standard statistical variables 

BKD 01 

D 


(incl. 

TRKCEK) 

Histograms and graphs 

BKD 05 

D 


(i.T.) 


B.6 Final Selection of Variables and Transformations 

Out of the many statistical variables which define a 
surface feature the most suitablo ones for a clasoifi- 
cation have to be extracted. 

B.6.1 Supervised including transgenertions BKD 09 S 

( 2S:, Ratio, V "”* , log etc.) (i.T.) 

B.6. 2 Unsupervised 

— Principal Component Analysis BKD 01 H 

(i.T.) 

- Factor Analysis BKD 03 M 

- Canonical Analysis BKD 06 K 


B.7 Discrimination and Classification of Features 

To define the significance of a variable Discriminant 
Analysis arc applied. 

B.7.1 Supervised 

- Discriminant Analysis for 2 groups i 

I * 

- Diocriminant Analysis for various groups 




BKD 04 H 
(i.T.) 


BKD 05 H 
(i.T.) j 
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Pifi. 2 : Separation of nnowcover by denoity dicing with photo quantizer and 

photographic technique in band 5 (top), 7 (middle) and combination 
of both bands (bottom), representing dry and wet, melting » now 
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Pig. 3: Elevation of temporary snovlino in various valloy3 of the 

CENTRAL ALPS on September 20th,- 1972 (determined from 
E-1059-09500-4 with method 2.1.2) 
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density values 



Example of hiatocran ahovinc distribution of densities ' 
within block of 128 * 123 pixels 
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Fig. 9: Distribution of densities (2-a>: is) in a block of 25 x 25 

pixels representing sr.ov in shadow and snow in sun. 
Construction by Interactive Graphical Systea (3.5.4) for 
all KSS-bands. 


upper left band 4 

lower loft band 5 

lower right band 6 

upper right band 7 
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Output of small unifora subgroups of data including 

- total number (132) 

- average value 

- standard deviation 

- elimination of "far-off" values (2-jCa) represented by a 
value to vhich 500 vas added (5) 

- corrected results for "total number (177), average value, 
standard deviation" 

- most frequent single video-value (127 appearing HS-tices) 
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Fi c. 11: Distribution of arbitrary selected number of vidco-si^n 
i within block of 126 x 128 pixels represented by on-lino 

printer. , 


The example shows tho first 10 video-si £nal 3 out of tho 
123 density values with the symbols 1-9 end 0. 
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?i~ 12: Classification-aatrix for r.ir.e sample-grouss 


sification group 
group 


I nuatcr of classified picure 
! clcser.ts 

i 

1 
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3 Y 

0 P Q R S 
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0 0 

0 2* 0 0 0 

0 

34 

0 0 

0 C 0 0 0 

c 

60 

0 0 

0 0 0 0 0 

0 

72 

0 c 

0 C 0 C O 

0 

1 0 

S3 0 

0 0 0 0 0 

2* 

: 0 

70 10 

0 0 0 0 0 

2" 

0 

60 1 
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0 73 

0 0 0 C 0 
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77 

19 

0 
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82 
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0 

68 
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0 

S3 
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.0 
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0 j 75 

0 0 


EGA l 

0 

0 

0 0 
0 0 

0 0 0 0 2 
0 0 0 0 0 

126 

99 


snow 

snowfree surfaces 


* » false classifications f ran snow to snovfree 

surfaces 


rtair. classification groups: 


snow sun-exposea 
snow in shadow 

snovfree surfaces sun-exposed' 
snovfree surfaces in shadow 


Sannle-cranris: SO = sun-exposed; SA = in shadow 


= snow SO 
= snow SA. 

= grass SO 
= crass SA 
= Lake of Sils SO 
= reservoir of Albigr.a SO 
= grass/bare ground SO 
= grass SO 


'oroad-lcaf forest SO 
necdlc-leaf forest SO 
needle-leaf forest SA 
sr.cv SO 
snow SA 

snow ar.d* rocks SA 
snow and ice SO 
snow ar.d ico SA 
glacier^ SO 


3r 


Konr t eo 



The tnio pictures show the snow classification with the digital snow 
, ClAii-lfi.co.ticd- yj steo and printing vdth the Optronics Pnoicaetion 1700. 

left: test size "Serge IL" classified With set for "normal** e.g. dry 

snow conditions for October 7th, 1972. 

i 

j risht: classification vith set for ''thawing" and/or refroren sncW 

! for sate area and date. 

! 

! 

j 
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Positions of some cloudstrects 
Mountain summits between 2500 and 3000 msl 
Mountain summits between 3000 mid 3500 msl 
Mountain summits above 3500 msl 
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— — fog, boundary clearly defined 


fog, boundary oot dearly defined 
denso foe 
thin fog layer 


Ground otatlon "foe” 

Ground otatlon "overcasted” 
ground station "cloar" 
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Trodiiional forra. of oblique illuoinutcd 
Ohading (io calLed Swiss mannerj 






f/ejetive of GRIS-1 (of October 7£h, 1972) 
•taken at 10,55 h with 3 sun-angle of 5>° 
and an azimuth of 154®* 


The negative copy va© eTcporscd ir. such c 
vey that cn the illujsirecweA slopes no crey 
tones were visible any longer sr.d with addi- 
tional correctiens, drawn with a fine brush 
and black irJd, Tr.c lew sun-angle shows tha 
relief in a way similar to ?ij. 1 but with 
sore details. 
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Troditio^al form of oblique illujcinotcc 
.Shading (so calLcd Swits manner.) 
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tfe&etive of ERTS-l (of October 7ih, 1972) 
taken at 10.55 h with a sun-angLe of 55° 
and an azimuth of }54®» 


; : ... J ■ *»■*■ .- 

. ** * - 


; •>>*■ • • i ;>'■ 

- , !"-V •; -Pjvr ' 

•> ? , • / * ' .- y 

/ y 1 ■ • ••• 


1 / ' " 
i ’ ' 


The nesative copy vas eupo^ci in such z 
I vay that en the illu*irtsweA sL opes oo s^V 
i ■ tones vere visible any longer ar.A with aaii- 
• i tionzi corrections, draw vith a fine, brush, 
j and black ink. The low sun-angle shows the 

j relief in o way siuiicr to l ? i j. 1 but with 

more details. 
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